Biogas, a renewable and carbon-neutral form of energy, could be a very good substituent of fossil fuels which are depleting very fast. Here we report the digestibilities of cafeteria waste (CW), vegetable waste (VW) and fruit 
Introduction
One of the burning problems faced by the world today is energy crisis, management of solid wastes and change in climate. Rapid growth of population and uncontrolled and unmonitored urbanization has created these serious problems 1) . Solid disposal treatments such as incineration and pyrolysis have an air pollution problem with high initial investment cost 2) . It is predicted that the conventional (oil, coal, natural gas etc.) energy may last for another six to seven decades which has lead to global climate change, environment and human health problems 3) .
In this regard, renewable energy resources appear to be one of the most efficient and effective solutions 4) . Biomass has globally remained a renewable energy source derived from plants that use solar energy during the process of photosynthesis. Biomass originated biogas through anaerobic digestion (AD) has been a source of renewable natural gas; it has been adopted as one of the best alternatives for conventional fuels in the past two decades. AD is a wasteto-energy technology biological process that produces biogas from biodegradable wastes by bacteria under poor or no oxygen conditions
. It is a colorless, flammable gas produced from variety of substrates, such as animal manure, plant, human excreta, energy crops, industrial and municipal wastes amongst others, to give mainly methane (50-70%), carbon dioxide (20-40%) and traces of other gases such as hydrogen sulphide, nitrogen, water vapour, ammonia, hydrogen etc. 9) . It is more convenient to use than other fuels because of smokeless flame and health hygienic 10) . Average
This study was partly presented in the GRE2014. temperature of biogas production ranges from 25 to 35 °C. This is an ideal temperature for the fermentation of organic materials. AD is a multi-step biological process where the organic carbon is mainly converted to carbon dioxide and methane 11) . The process mechanisms of AD can be divided into four steps as shown in Fig. 1 . Hydrolysis is the first step in biomethanation. In this stage complex organic matters, such as proteins, carbohydrates and lipids are hydrolyzed into sugars, amino acids and fatty acids by extracellular enzyme (cellulase, amylase, protease or lipase) as soluble organic molecules 16) .
In the second step acidification or acidogenesis, the soluble organic molecules from hydrolysis are utilized by fermentative bacteria or anaerobic oxidizers to produce volatile fatty acids (acetic acid, propionic acid and butyric acid), alcohols, aldehydes and CO2, H2 and NH3 gases. Acetogenesis is the third step where acidification produced products is converted by acetogenic bacteria into acetic acids, hydrogen, and carbon dioxide. Finally in methanogenesis step, methanogenic archaea converts acetate and H2/CO2 into CH4 and CO2. Different types of solid wastes result in varying degrees of biogas yields, and thus the effects of mixing various types of waste and their proportions should be determined. The objective of this study was to find the optimum conditions and mixing ratios for improved production of biogas using co-digestion of cafeteria waste (CW), fruit waste (FW) and vegetable waste (VW) under mesophilic conditions in batch mode digester. This paper has been focused and monitored the optimum conditions for the biogas production without inoculums added.
Materials and Method

Collection of Wastes Biomass
Cafeteria waste for the research work was collected from the cafeteria of Graduate School of Science and Technology, Kumamoto University, Japan. The vegetable and fruit wastes were collected from the Kokai vegetable market, Kumamoto, Japan. The collected materials were stored at 4 °C and used for the experiment.
Experimental Setup
The lab scale experimental setup was installed using 2.0 L glass flask namely digester, water chamber-cum-gas collector, and expelled water collector for every observation. by a hose pipe which was used to allow the produced gas to flow through it to the water chamber and hence expelled the same volume of water, which was then used to flow through another pipe to the water collector. Both the gas pipe and water pipe were inserted into their respective flask through corks which were maintained air tight firmly.
The produced biogas was stored in a gas bag for biogas sampling.
Preparation of Fermentation Slurry
All wastes were crushed separately into small The characteristics of feedstocks used in this study are shown in Table 1 .
Data Collection and Analysis
The Gas composition was analyzed by using a gas chromatography (GC-8AIT / CR8A SHIMADZU Corporation, JAPAN). The pH value was monitored every day using digital pH meter HM-25R (TOADKK). Total solids (TS) and volatile solids (VS) were determined at 104 °C to constant weight and by the loss on ignition of the dried sample at 550 °C, respectively 14) . Moisture content was measured using moisture meter (MOC63u). Biogas produced by anaerobic co-digestion was measured by water displacement method every day as shown in Fig. 3 .
Observations
Five observations were done for each experiment, feeding the digesters with the mixture of CW, VW and FW.
After feeding, the digesters were left for anaerobic digestion and gas was started to generate in the 2/3th operating day and that was almost terminated within 14/15th operating day of the digester. Volume of the gas was measured directly by measuring the volume of the expelled water in the water collector by a measuring 2.0 L beaker every day.
The system was kept air tight and each observation was continued till the flow of the expelled water was terminated.
Results and Discussion
Biogas production potentiality
The daily biogas production by the co-digestion 
Cumulative results of biogas yields
The final cumulative biogas productions by the co- Energy, Vol. 94, No. 6, 2015 These results indicated that the co-digestion of CW, VW and FW greatly improved biodegradability and biogas yield compared with cumulative results of single substrate digestion.
The cause of improved biogas yield for co-digestion can be due to diluting toxic compounds, improving the balance of nutrients, increasing the synergistic effects of different microbial populations, or increasing the biodegradability in the digester. The cumulative gas volume was calculated with respect to daily biogas yields.
Thus, Fig. 8 shows the final cumulative gas volumes of single CW lower than that of Fig. 7 . In addition, vegetable and fruit waste had lower average cumulative biogas yields as compared with cafeteria waste at the same digestion time.
3.3 Methane yields during digestion process The average methane contents of the biogas produced from co-digestion of cafeteria, vegetable and fruit wastes as shown in Table 2 .
Discussion
The results demonstrate that biogas yields after 15 d could cause inhibition to gas production in methanogenesis step. The VFA concentrations were not measured in the current study. In this study we proposed that biogas production without inoculums in a significant amount under batch digester is possible. Obviously, the inoculums source should provide more biogas yield when starting a new batch digester.
Conclusions
Three different biomass wastes were successfully digested both individually and as mixtures in absence of inoculums. The result of this research on the production of biogas from cafeteria, vegetable and fruit waste has shown that flammable biogas can be produced through anaerobic digestion. The study revealed that co-substrate of cafeteria and vegetable waste has great potentials for generation of biogas and its use should be encouraged due to its early digestion and high volume of biogas yields. Therefore, the 
